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brain-derived neurotrophic factor; interhemispheric transfer; motor learning; serial reaction time task; transcranial magnetic stimulation BRAIN-DERIVED NEUROTROPHIC factor (BDNF) is present in abundance throughout the brain and plays a key role in synaptic plasticity and dendritic spine growth and morphology, in addition to the inherent functions of the neurotrophin factors (Carvalho et al. 2008; Xiong et al. 2002) . BDNF is synthesized and liberated mainly in the glutamatergic neurons throughout the brain and is largely activity dependent (Lessmann et al. 2003; Poo 2001; Zhou et al. 2004) . BDNF interacts at the preand postsynaptic levels with the TrKB type receptors to trigger the liberation of glutamate or to modify AMPA and NMDA receptor structures and functions (Caldeira et al. 2007a (Caldeira et al. , 2007b Carvalho et al. 2008; Narisawa-Saito et al. 1999; Schratt et al. 2004) . It can also increase the NMDA receptor's response potential by regulating the receptor's biophysical properties (Sandoval et al. 2007 ). Furthermore, research has shown that BDNF can modulate the activity-dependent synaptic plasticity of neurons by modulating NMDA receptor-dependent longterm potentiation (LTP) and long-term depression (LTD) (Aicardi et al. 2004; Figurov et al. 1996; Lessmann et al. 2003; Lu 2003; McAllister et al. 1999; Poo 2001; Thoenen 2000; Woo et al. 2005) . Recent studies have shown that a common single nucleotide polymorphism of the BDNF gene at codon 66 -BDNF Val66Met-present in approximately one-third of the American population (Shimizu et al. 2004 ) is associated with several alterations in BDNF function and differences in cortical morphology. For example, reduced activity-dependent BDNF release in response to neural stimulation, reduced NMDA and GABA receptor-mediated synaptic transmission (Ninan et al. 2010; Pattwell et al. 2012) , altered white matter integrity in the corpus callosum (CC; Carballedo et al. 2012; Kennedy et al. 2009 ), and reduced hippocampal volumes (Pezawas 2004 ) have been reported in Val66Met carriers. Val66Met polymorphism is also associated with altered shortterm plasticity in the motor cortex and impaired short-term motor learning. A functional magnetic resonance imaging (fMRI) study has shown reduced baseline levels of brain activation among Val66Met carriers and activation volume decreases in several motor regions after repeated first dorsal interosseus (FDI) muscle abduction training compared with Val66Val carriers (McHughen et al. 2010) . This difference in activation patterns between genetic groups confirmed previous data obtained with transcranial magnetic stimulation (TMS) where the combination of several FDI muscle training protocols involving speed, strength, and precision resulted in differences in motor map plasticity and corticospinal outputs (Kleim et al. 2006) as well as reduced responses to plasticity-inducing repetitive TMS protocols (Cheeran et al. 2008 ).
Short-term motor learning also appears to be impaired in Val66Met carriers. After completing a driving-based motor learning task, both Val66Val and Val66Met carriers displayed better performance compared with their initial state, but participants carrying the Val66Met polymorphism showed poorer retention and greater errors over a period of 4 days (McHughen et al. 2010) . Interestingly, the effects of the Val66Met polymorphism on short-term plasticity can be overcome by intense motor training. Indeed, a difference in short-term cortical motor map plasticity was noted between genetic groups after executing a motor task at day 1, but that difference disappeared after 5 days of training, where both groups manifested equivalent short-term plasticity (McHughen et al. 2011) . These data suggest that the Val66Met polymorphism has an impact on cortical plasticity and short-term motor skill learning in tasks involving simple novel kinematics and dynamics training of the FDI muscle. As a matter of fact, in a meta-analysis on motor learning paradigms, Hardwick et al. (2013) reported differences in brain activation patterns among tasks that could be defined as sensorimotor, which focus on learning novel kinematics and dynamics, and tasks that focus on procedural motor learning, as is the case in the multiple serial reaction time task (SRTT) variants. If the effects of the BDNF polymorphism on cortical plasticity and motor learning seem well established in sensorimotor tasks, it remains unclear, however, how the BDNF polymorphism affects learning and retention of a procedural motor skill.
It is well known that the primary motor cortex (M1) contralateral to the trained muscle exhibits considerable plasticity (Karni et al. 1995; Pascual-Leone et al. 1995; Sanes and Donoghue 2000) and functional activity patterns (Ghilardi et al. 2000; Halsband and Lange 2006) associated with motor learning. Brain activation patterns (Kim et al. 1993; Rao et al. 1993 ) and changes in cortical excitability (Hortobagyi et al. 2003; Muellbacher et al. 2000) have also been detected in the hemisphere ipsilateral to the trained muscle during unilateral motor tasks. The exact contribution of the ipsilateral M1 to motor learning remains controversial. However, research has shown that voluntary contractions of the homologous muscle contralateral to the trained muscle could facilitate cortical excitability in the M1 contralateral to the trained muscle (Ghacibeh et al. 2007; Hess et al. 1986; Liang et al. 2008 ). In addition, Muellbacher et al. (2000) demonstrated that motor practice with one hand could result in the facilitation of nonspecific cortical excitability in the ipsilateral M1 and argued that at least some of the facilitation occurred at the cortical level between the two hemispheres, possibly via subcortical network connections. Interhemispheric communication at the cortical level also supports evidence for the intermanual transfer of motor learning after unilateral skill training, in which practice with the learning hand results in improved performance with the untrained hand (Grafton et al. 2002; Japikse et al. 2003; Mickael et al. 2009; Perez et al. 2007a Perez et al. , 2007b Rand et al. 1998) . In their experiment, Perez et al. (2007a) examined the neurophysiological mechanisms underlying the intermanual transfer of a procedural skill. SRTT practice with the learning hand resulted in a significant decrease in short-interval intracortical inhibition (SICI) within the ipsilateral hemisphere and a decrease in interhemispheric inhibition (IHI) from the learning hemisphere to the transfer hemisphere, a process largely attributed to the interhemispheric pathways mediated by transcallosal interactions (Di Lazzaro et al. 1999; Ferbert et al. 1992) . Moreover, both of these processes (IHI, SICI) have been associated with glutamatergic and GABAergic synaptic transmission (Chen 2004) . The possible effects of the BDNF Val66Met polymorphism on white matter integrity in the CC and the known alterations in NMDA and GABA receptor-mediated synaptic transmission provide grounds for a potential effect of the BDNF polymorphism on intermanual transfer of procedural motor skill. In addition, the behavioral gains in procedural skill learning can be maintained over time up to 1 yr after the initial practice (Knopman 1991; Nissen et al. 1989; Romano et al. 2010) . In the present study, the effects of the BDNF polymorphism on procedural motor skill learning, corticospinal excitability, and transfer were assessed with the SRTT. To this end, motor learning with the right hand and transfer of the learned skill to the left hand were tested twice, at a 1-wk interval. Corticospinal excitability was assessed before and after the SRTT at each time point.
MATERIALS AND METHODS
Participants. Twenty right-handed subjects (15 women, 5 men; mean age 21.85 Ϯ 1.98 yr) were recruited prospectively according to their genotype and split into two groups (10 Val66Val: 2 men, 8 women; 10 Val66Met: 3 men, 7 women). All of the participants reported being healthy, without a history of psychiatric or neurological disorders, and presented no contraindication to the safe use of TMS (Rossi et al. 2009 ). All participants gave written informed consent to undergo experimental procedures approved by the Comité d'Éthique de la Recherche des Sciences de la Santé (CÉRSS) and compliant with the 1964 Declaration of Helsinki.
Genotyping. Genomic DNA extraction from saliva was performed with Oragene OG-250s kits (DNA Genotek, Ottawa, ON, Canada). Genotype profiling of BDNF rs6265 (val66met) polymorphism was performed with PCR followed by pyrosequencing. Amplification was performed by a PCR approach, with the following primer pair: forward biotin 5=-GGACTCTGGAGAGCGTGAAT-3= and reverse 5=-CCGAACTTTCTGGTCCTCATC-3=. Genomic DNA (250 -500 ng) was amplified with each primer at 10 pM, 1ϫ PCR buffer (Qiagen kit), 0.4 mM dNTP, 1.0 mM MgCl 2 , and 0.01 U of Qiagen Taq polymerase. Amplification was carried out on a Biometra TProfessional Basic thermocycler (Biometra, Göttingen, Germany) with the following conditions for 35 cycles: 30 s at 95°C, 30 s at 61.2°C, and 1 min at 72°C. These 35 amplification cycles were preceded by a 2-min hot start at 95°C and followed by a final 4-min extension to the last cycle at 72°C. PCR products were visualized on a 1.2% agarose gel. The Val66Met polymorphism was subsequently determined via an established pyrosequencing protocol (Petersen et al. 2005 ) with oligo sequencing 5=-GCTGACACTTTCGAACA-3=. The sequence to analyze was CA/GTGATAGAAGAG.
Serial reaction time task. Participants were tested twice, with a 1-wk interval. Each participant completed the two sessions at the same time of day, during either the morning or the early afternoon, to control for the known effects of time variations on TMS protocols (Ridding and Ziemann 2010) . During both encounters, participants performed a modified version of the SRTT (Perez et al. 2007a ; see The numbered R blocks represent the random trials. The numbered A blocks represent the repeating sequence trials. For the right hand, the sequencespecific learning is computed as the difference in response time (RT) scores between the last random block R4 and the last repeating sequence block A10.
For the left hand, the sequence-specific transfer is calculated as the difference in RT scores between the last random block R2L and the repeating sequence block A1L (Perez et al. 2007a ).
computer screen and consisted of the presentation of three dots and an asterisk displayed horizontally with even spaces in alternating positions according to the trial. Participants were instructed to press on the key corresponding to the location of the asterisk as fast and accurately as possible by using the appropriate finger (index finger for key 1, middle finger for key 2, ring finger for key 3, and little finger for key 4). A correct key press was required to allow the following trial to appear. The subject's response time (RT) was calculated as the time interval between the presentation of the GO signal and the correct key press. In the first segment of the task, the participants performed a total of 14 blocks with their dominant right hand. After each block was completed, the participants were instructed to press any key of the keyboard in order to initiate the subsequent block. Each block was composed of 10 repetitions of the same 12-item sequence for a total of 120 key presses per block. The initial two blocks (blocks R1 and R2) were random-ordered sequence blocks, distinct from the predetermined repeating sequence. R1 was used to familiarize each subject with the task, while R2 served as an indicator to measure each subject's initial performance at the task. For both sessions, blocks 3-7 and 9 -13 consisted of training blocks during which a 12-item repeating sequence was presented (sequence: 4-2-3-1-1-3-2-1-3-4-2-4). Each training block (blocks A1-A10) was labeled according to its position in the order of presentation preceded by the letter A. After the completion of the first segment of the task involving the right hand, participants were asked to perform three additional blocks with their left hand. The subjects executed two initial random blocks, R1 and R2 left (blocks R1L and R2L), to familiarize them with the task (R1L) and to assess initial performance with the left hand (R2L), followed by a training block with sequence A (block A1L). The 12-item repeating sequence in the A1 left condition was identical to the sequence presented in the previous training blocks (A1-A10) in terms of asterisk display and key press positions (sequence A: 4-2-3-1-1-3-2-1-3-4-2-4), with the exception that the asterisk was presented at a mirror image position compared with the trials involving the right hand. For example, the asterisk presented at position 4 would require a key press using the left little finger, as it would have for the right hand. By the end of session 2, most subjects reported the existence of a repeating sequence.
Transcranial magnetic stimulation. TMS pulses were delivered with a 8-cm figure-of-eight coil connected to a Magstim 200 (Magstim, Whitland, UK) over the left M1. The optimal stimulation site for the contralateral FDI muscle was defined as the area on the scalp eliciting motor evoked potentials (MEPs) of maximal amplitude. The stimulation coil was applied flat on the scalp with the handle pointing backward at a 45°angle from the midline. A Brainsight neuronavigating system (Rogue Research, Montreal, QC, Canada) was used to ensure stable positioning throughout the experiment. MEPs were recorded with surface electrodes positioned over the right FDI muscle. The electromyographic signal was amplified with a PowerLab 4/30 system (ADInstruments, Colorado Springs, CO), filtered with a band pass at 20 -1,000 Hz, and digitized at a sampling rate of 4 kHz. MEPs were recorded with Scope v4.0 software (ADInstruments) and stored off-line for analysis. During both sessions (S1, S2), the participants' resting motor threshold (RMT) was determined prior to the experiment, defined as the minimal intensity level of TMS required to elicit MEPs of 50 V in at least 5 of 10 trials (Rossini et al. 1994) . Cortical excitability was measured immediately before (Pre) and immediately after (Post) the SRTT. Ten TMS pulses were delivered at each intensity level based on each participant's RMT (100%, 110%, 120%, 130%, 140%, 150%) in a semirandomized order, with an interstimulus interval of 6 -7 s, for a total of 60 MEPs. Peak-to-peak amplitudes of the collected MEPs were measured and averaged for each intensity level Pre-and Post-SRTT at S1 and S2.
Data analysis. The raw data RT of the SRTT was filtered for aberrant trials under 300 ms and over 1,000 ms. For the right hand, the presence of short-term sequence-specific procedural learning was determined by measuring RT difference scores between the last random block R4 and the last repeating sequence block A10 (Perez et al. 2007a; Willingham et al. 2000) in session 1 and session 2 with a mixed ANOVA with Session (R4-A10 S1 , R4-A10 S2 ) as the withinsubject factor and Genotype (Val66Met, Val66Val) as the betweensubject factor. Long-term retention of sequence-specific learning was measured by comparing the participants' raw data RT on the last repeating sequence block A10 in session 1 and the first repeating sequence block A1 in session 2. A mixed ANOVA with Session (A10 S1 , A1 S2 ) as the within-subject factor and Genotype (Val66Met, Val66Val) as the between-subject factor was computed.
For left hand presence of sequence-specific transfer of procedural learning during the experiment, the participants' RT difference scores between the last random block R2L and the repeating sequence block A1L were assessed (Perez et al. 2007a ) across sessions with a mixed ANOVA with Session (R2L-A1L S1 , R2L-A1L S2 ) as the within-subject factor and Genotype (Val66Met, Val66Val) as the between-subject factor. Post hoc analysis was conducted with paired-samples t-tests on the RT difference scores across sessions.
Long-term retention of the sequence-specific transfer was computed with a mixed ANOVA with the first repeating sequence blocks A1L at both sessions as the within-subject factor and Genotype (Val66Met, Val66Val) as the between-subject factor.
Finally, the effects of long-term training (sessions 1 and 2), time (before and after SRTT), and stimulus intensity on MEP amplitudes were tested with a mixed ANOVA with Session (S1, S2), Time (Pre-SRTT, Post-SRTT), and Stimulus intensity (RMT: 110%, 120%, 130%, 140%, 150%) as within-subject factors and Genotype (Val66Met, Val66Val) as the between-subject factor.
RESULTS

SRTT.
For the right hand, the presence of sequence-specific learning was assessed by comparing each participant's RT difference score between the last random block R4 and the last repeating sequence block A10 in sessions 1 and 2 with a mixed ANOVA with Session (R4-A10 S1 , R4-A10 S2 ) as the withinsubject factor and Genotype (Val66Val, Val66Met) as the between-subject factor (Fig. 2) . The results showed a signifi- and A10 in both sessions shows a significant increase in sequencespecific learning from session 1 to session 2 (F ϭ 13.858; P ϭ 0.002) but no Session ϫ Genotype interaction (F ϭ 0.002; P ϭ 0.969). For the left hand, a significant Session ϫ Genotype interaction (F ϭ 4.461; P ϭ 0.049) using the RT difference scores between R2L and A1L indicates a different effect of the SRTT on the sequence-specific transfer of the procedural motor skill between the genetic groups.
cant main effect of Session (M S1 ϭ 88.911 ms, SD ϭ 69.694; M S2 ϭ 126.814 ms, SD ϭ 68.38; F ϭ 13.858; P ϭ 0.002) without distinction for genetic group (F ϭ 0.002; P ϭ 0.969).
To verify whether the sequence-specific learning occurred during the SRTT training during each session, two one-sample t-tests were conducted using the RT difference scores between R4 and A10 in session 1 and session 2 (R4-A10 S1 , R4-A10 S2 ).
The results indicated a significant RT difference score in session 1 (t ϭ 5.683; P Ͻ 0.001) and session 2 (t ϭ 8.294; P Ͻ 0.001). Taken together, these results suggest that sequencespecific learning occurred during both sessions of the SRTT practice without distinction for the genetic group and that the sequence-specific learning effect was significantly greater in session 2 compared with session 1 (Fig. 3) . The presence of long-term retention of the sequence-specific learning was assessed by comparing the participants' performance as expressed by raw data RT on the last sequence training block A10 of the first session (A10 S1 ) to the performance of the first sequence training block A1 of the second session (A1 S1 ). A mixed ANOVA with Session (A10 S1 , A1 S2 ) as the within-subject factor and Genotype (Val66Met, Val66Val) as the between-subject factor showed a significant decrease in raw RT from session 1 to session 2 (M A10S1 ϭ 449.22 ms, SD ϭ 116.541; M A1S2 ϭ 425.382 ms, SD ϭ 87.897; F ϭ 7.808; P ϭ 0.012) without a significant Session ϫ Genotype interaction (F ϭ 1.077; P ϭ 0.313). These results indicate that the sequence-specific motor learning was retained over a period of 1 wk in the absence of training, and that the participants' performance increased during the off-line period (Fig. 3) .
For the left hand, sequence-specific transfer of motor learning was measured by comparing each participant's RT difference score between the second random block R2L and the first repeating sequence block A1L at both sessions (S1, S2). A significant RT difference score between those two blocks would indicate a greater performance at a sequence of key presses with the right hand in the absence of left hand practice compared with a random, unlearned sequence. A mixed ANOVA with Session (R2L-A1L S1 , R2L-A1L S2 ) as the withinsubject factor and Genotype (Val66Met, Val66Val) as the between-subject factor was computed (Fig. 2) . The results indicated a significant Session ϫ Genotype interaction (F ϭ 4.461; P ϭ 0.049).
Post hoc analysis using a paired-samples t-test revealed a significant increase in RT difference scores between R2L and A1L from session 1 to session 2 (M S1 ϭ 39.02 Ϯ 64.55 ms; M S2 ϭ 66.03 Ϯ 75.89 ms; t ϭ Ϫ2.409; P ϭ 0.039) in the Val66Met genotype group but no significant difference among the Val66Val genotype group between the sessions (M S1 ϭ 29.96 Ϯ 25.10 ms; M S2 ϭ 29.28 Ϯ 27.91 ms; t ϭ 0.101; P ϭ 0.922). Interestingly, further examination using one-sample t-tests on the RT difference scores between R2L and A1L for each genotype and at each session revealed that while the participants of the Val66Val genotype group showed significant RT difference scores at both sessions (t S1 ϭ 3.77, P ϭ 0.004; t S2 ϭ 3.31, P ϭ 0.009), the participants of the Val66Met genotype group did not show a significant difference in RT at session 1 (t S1 ϭ 1.91, P ϭ 0.088) but did so at session 2 (t S2 ϭ 2.75, P ϭ 0.022; Fig. 4 ).
Finally, a significant effect of long-term retention of sequence-specific transfer was measured with a mixed ANOVA with Session (A1L S1 , A1L S2 ) as the within-subject factor and Genotype (Val66Met, Val66Val) as the between-subject factor (Fig. 4) . The results indicated a significant reduction in raw data RT from session 1 to session 2 (M S1 ϭ 507 Ϯ and A10 indicates a significant increase in sequence-specific learning from session 1 to session 2 (F ϭ 13.858; P ϭ 0.002) without distinction for genetic group (F ϭ 0.002; P ϭ 0.969) and a significant effect of sequence-specific learning in session 1 (t ϭ 5.683; P Ͻ 0.001) as well as session 2 (t ϭ 8.294; P Ͻ 0.001). A significant effect of long-term retention of the sequence-specific learning was obtained by comparing the participants' RT scores in A10 of the first session to A1 of the second session (F ϭ 7.808; P ϭ 0.012), without a significant effect of genotype (F ϭ 1.077; P ϭ 0.313). *P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001. showed that sequence-specific transfer was significant during both sessions for the Val66Val genetic group (t S1 ϭ 3.77, P ϭ 0.004; t S2 ϭ 3.31, P ϭ 0.009) but remained stable over time (t ϭ 0.101, P ϭ 0.922). However, for the Val66Met genotype group, sequence-specific transfer did not occur at session 1 (t S1 ϭ 1.91, P ϭ 0.088) but did at session 2 (t S2 ϭ 2.75, P ϭ 0.022). Accordingly, the sequence-specific transfer was greater in session 2 compared with session 1 in the Val66Met group (t ϭ 2.409; P ϭ 0.039). A significant effect of the long-term retention of sequence-specific transfer was observed by comparing A1L at both sessions (F ϭ 30,28; P Ͻ 0, 001) without distinction for genetic group (F ϭ 4,11; P ϭ 0,058). N.S., not significant. *P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001. 82 ms; M S2 ϭ 461 Ϯ 86 ms; F ϭ 30,28; P Ͻ 0.001) but no significant Session ϫ Genotype interaction (F ϭ 4,11; P ϭ 0.058). TMS. A mixed ANOVA of Session (S1, S2) ϫ Time (Pre-SRTT, Post-SRTT) ϫ Stimulus intensity (RMT: 110%, 120%, 130%, 140%, 150%) ϫ Genotype (Val66Met, Val66Val) was used to assess MEP amplitude differences and variations across the experiment. Two significant main effects were obtained out of all the possible combinations. First, the results indicated a significant Stimulus intensity effect as the MEP amplitude increased at each level of intensity of stimulation (M RMT ϭ 0.154 Ϯ 0.11 mV; M 110 ϭ 0.618 Ϯ 0.41 mV; M 120 ϭ 1.073 Ϯ 0.51 mV; M 130 ϭ 1.676 Ϯ 0.68 mV; M 140 ϭ 1.934 Ϯ 0.75 mV; M 150 ϭ 2.306 Ϯ 0.80 mV; F ϭ 93.24; P Ͻ 0.001). Second, a significant effect of Time (Pre-SRTT, Post-SRTT) was observed across both sessions. MEP amplitude increased significantly after the SRTT (M Pre-SRTT ϭ 1.105 Ϯ 0.64 mV; M Post-SRTT ϭ 1.481 Ϯ 0.71 mV; F ϭ 5.111; P ϭ 0.036); however, there was no effect of Session (F ϭ 0.036; P ϭ 0.852), no Time ϫ Genotype (F ϭ 0.149; P ϭ 0.704) interaction, no Session ϫ Genotype (F ϭ 3.462; P ϭ 0.079) interaction, and Session ϫ Time ϫ Genotype (F ϭ 3.764; P ϭ 0.068) interaction (Fig. 5) .
DISCUSSION
The present results replicate those of previous studies in which short-term behavioral gains in procedural motor learning, including the interhemispheric transfer of the skill, were obtained after practice and were associated with the modulation of excitability of the cortical representation of the solicited muscles in M1 (Pascual-Leone et al. 1999; Perez et al. 2007a) . Subsequent testing at session 2 revealed that long-term retention of procedural motor skills may occur without continued practice over a period of 1 wk, and that the behavioral gains in procedural motor skills acquired during the first session facilitate the performance during the second trial. However, cortical excitability changes characterized by variations in MEP amplitude do not carry over time along with the behavioral gains from one testing session to the other. Contrary to other studies on the effect of BDNF polymorphism Val66Met on sensorimotor learning (Kleim et al. 2006; McHughen et al. 2010) , the results indicate no significant influence of the polymorphism on procedural motor skill acquisition or cortical excitability, although it is shown here to modulate interhemispheric transfer of a procedural motor skill.
SRTT is well known for inducing procedural motor learning, referred to as sequence-specific learning in this particular instance. The standard procedure for measuring sequencespecific learning involves comparison of the RT scores between the last repeating sequence block A10, where the subjects are believed to have learned the sequence of key presses in the task, thus improving the RT needed for each key press, and the last random block R4, where no procedural learning is believed to take place (Perez et al. 2007a; Willingham et al. 2000) . The significant difference in RT between blocks A10 and R4 observed in this study confirms the presence of shortterm procedural motor learning with the right hand rapidly occurring during the task in both sessions. Further comparisons between RT scores in the last repeating sequence block A10 of session 1 and the first repeating sequence block A1 of session 2 showed that the procedural motor skills acquired during the first session were retained over a period of 1 wk. Because of the absence of SRTT training during that time, it can be concluded that the long-term retention of the procedural motor skill occurred without continued practice. These results are in line with previous studies in which sequence-specific motor skill retention could occur up to 1 yr after the first trials without additional training (Feeney 2000; Knopman 1991; Nissen et al. 1989; Romano et al. 2010 ). The present data also indicated an increase in RT performance in session 2 relative to session 1, which suggests a facilitating effect of the initial gains in procedural skill on the subsequent performance. This process reflects the consolidation of the newly acquired motor skills that occurs in the absence of continued practice and is in part sleep dependent (Censor et al. 2012; Robertson et al. 2005; Walker et al. 2002) .
The neurophysiological mechanisms underlying the shortterm behavioral gains in motor learning are believed to involve fast changes in cortical excitability that originate at the synaptic level via LTP and LTD processes measured by TMS (Pascual-Leone et al. 1995 . In this study, the rapid increase in cortical excitability in the contralateral M1 resulting from the motor practice during the SRTT demonstrates that motor learning occurred at a neurophysiological level during both sessions. These results are consistent with well-established principles in neurophysiological SRTT studies, including the cortical map reorganization of the contralateral representations of the solicited muscles (Pascual-Leone et al. 1999) and the MEP amplitude increase in M1 (Perez et al. 2007a) . While the behavioral gains in procedural skill observed in this study persisted in time, the cortical excitability changes did not carry over to the second session. This result was to be expected since motor learning relies on complex neurophysiological mechanisms, including cortical motor map reorganization and strengthening of horizontal connections, that are initiated by changes in cortical excitability that do not persist over time (Classen et al. 1998; Pascual-Leone et al. 1995; Rioult-Pedotti et al. 1998) .
The effects of BDNF polymorphism Val66Met on motor skill acquisition and their neurophysiological underpinnings are controversial. Several studies have shown a negative impact of the polymorphism on cortical plasticity with a variety of TMS protocols such as theta burst stimulation (Lee et al. 2013) , repetitive TMS (Cheeran et al. 2008) , and paired associative stimulation (Cirillo et al. 2012; Witte et al. 2012) , while others have not (Li Voti et al. 2012; Mastroeni et al. 2013 ). In addition, participants with the BDNF variant have been shown to exhibit poorer motor learning compared with their Val66Val counterparts in simple motor tasks associated with novel movement kinematics and dynamics. For example, participants carrying the Val66Met polymorphism showed smaller bloodactivation volumes during a finger tapping task (McHughen et al. 2010 ) and decreased levels of cortical map reorganization and MEP amplitudes after finger tapping, nine-hole peg board, and pinch grip strength tasks (Kleim et al. 2006) . The results in the present study do not allow for the generalization of these trends onto procedural motor learning. In fact, we found no significant associations between the Val66Met polymorphism and the behavioral component of the sequence-specific motor learning of the SRTT. A recent study found similar results exploring the impact of the BDNF polymorphism on the differences in RT reduction induced by training on the SRTT between Val66Met and Val66Val carriers (Freundlieb et al. 2012) . In addition, cortical excitability induced by procedural motor learning was not modulated by the BDNF genotype. A trend could, however, be observed pointing toward an attenuation of the cortical excitability increase among the Val66Met participants at session 1 compared with session 2, while the MEP amplitudes appeared to remain stable across both sessions among the Val66Val group (Fig. 5) . The functional differences in the nature of the tasks used to elicit motor learning could support the differences between the results previously obtained (Kleim et al. 2006; McHughen et al. 2010) and those reported here. In their meta-analysis, Hardwick et al. (2013) compiled the data from 70 motor learning experiments to highlight differences in activation patterns resulting from sensorimotor tasks, which involve novel movement kinematics, and the SRTT, which differs from the former because of the addition of the procedural motor learning component. Their results indicated significantly greater activation volumes in the basal ganglia and the cerebellum in sensorimotor tasks compared with the greater activation volumes in cortical structures and the thalamus in SRTT protocols. The intrinsic functional differences underlined between these types of motor learning combined with the reported data on the BDNF polymorphism effects on motor learning raise the question of whether the BDNF polymorphism could interact with both systems in a different manner.
An important aspect of the present experiment is the study of the interhemispheric transfer of procedural motor skill in relation to the BDNF Val66Met polymorphism. Data analysis within each session suggests that the sequence-specific learning with the right hand produced increased performance with the left hand during both sessions for the Val66Val genetic group. This finding is consistent with previous experiments suggesting the presence of interhemispheric transfer mechanisms associated with motor practice (Grafton et al. 2002; Howard and Howard 1997; Japikse et al. 2003; Parlow and Kinsbourne 1989; Perez et al. 2007a; Rand et al. 1998 Rand et al. , 2000 that are shown to rely, at least in part, on a decrease of IHI from the learning hemisphere to the other and the decrease of SICI in the transfer hemisphere (Mickael et al. 2009; Perez et al. 2007a ) and other transcallosal interactions mediated via glutamatergic projections acting through GABAergic interneurons (Chen 2004; Di Lazzaro et al. 1999; Ferbert et al. 1992; Meyer et al. 1995) . In this instance, the comparison of the RT in the repeating sequence at both sessions is moderated by the additional transfer occurring during session 2 but does seem to indicate that a portion of the transferred knowledge was re-tained over time without continued practice. These results confirm the presence of off-line consolidation mechanisms that apply to the nonlearning hemisphere (Censor et al. 2012; Robertson et al. 2005; Walker et al. 2002) .Interestingly, the Val66Met carriers' performance with the transfer hand increased significantly from the first session to the second while the Val66Val carriers' performance remained stable. Further data examination using individual analysis of each group's performance at both time points revealed that the sequencespecific transfer was not significant during the first session and only became significant during the second session among the Met allele carrier group. Moreover, the data obtained in this experiment indicated a clear trend toward an effect of the Val66Met polymorphism on long-term retention of a newly acquired transferred procedural motor skill. One possible explanation relates to the apparent increase in procedural motor skill transfer from session 1 to session 2 in the Val66Met group opposed to a more stable performance among the Val66Val group from session 1 to session 2 (Fig. 3) . Even though the interaction measured is not significant, it could provide additional support to the differences observed in procedural motor skill transfer between the genotype groups. In line with this observation, Smolders et al. (2012) reported an interaction between the Val66Met polymorphism and altered performance on a bimanual coordination task, depending on transcallosal mechanisms similar to those involved in interhemispheric transfer (Bonzano et al. 2008; Gerloff and Andres 2002; Preilowski 1972) . Furthermore, McHughen et al. (2011) demonstrated that the effects of practice could overcome the cortical excitability impairments associated with the Met allele. Taken together, those studies provide grounds for a possible influence of the Val66Met polymorphism on the mechanisms underlying the transfer of procedural motor skills that appears to be overcome by repeated practice. One possible explanation for this phenomenon relates to the dominant role of the CC in the interhemispheric communication underlying bimanual coordination and interhemispheric transfer processes (Bonzano et al. 2008; Gerloff and Andres 2002; Gooijers et al. 2013; Perez et al. 2007a; Preilowski 1972; Sisti et al. 2012) . White matter integrity alterations of the CC have been associated with deficient bimanual coordination skills (Caeyenberghs et al. 2011; Johansen-Berg et al. 2007 ). Several studies have established a possible relationship between the Val66Met polymorphism, reduced fractional anisotropy, and microstructure alterations in the CC (Carballedo et al. 2012; Kennedy et al. 2009 ). Even though this relationship is not agreed upon unanimously (Chiang et al. 2011; Montag et al. 2010) , it could support the genotype-related differences in sequence-specific transfer reported in this experiment. Moreover, the interhemispheric transfer of a procedural skill involves mechanisms (IHI, SICI) that are largely dependent on glutamatergic synaptic transmission (Chen 2004) . The association between the Val66Met polymorphism and the reduced NMDA and GABA receptormediated synaptic transmission previously reported (Ninan et al. 2010; Pattwell et al. 2012 ) could also explain the difference observed between the Val66Val and Val66Met genotype groups. The effects of the BDNF polymorphism on transcallosal mechanisms, including IHI and SICI, should also be taken into consideration in order to clarify the link between the BDNF polymorphism and the interhemispheric transfer deficits observed.
Several possible limitations to the present study need to be presented. For instance, recent studies have shown that sex differences could modulate the effects of the Val66Met polymorphism on functional connectivity and resting-state cerebral blood flow and could interact with the polymorphism to influence motor coordination (Smolders et al. 2012; Wei et al. 2012) . In the present study, however, the limited number of men in each group renders sex comparisons difficult. Age was also found to moderate the effects of the Val66Met polymorphism. McHughen and Cramer (2013) reported that the BDNF polymorphism effect on motor function and short-term cortical plasticity did not apply to elderly subjects. Therefore, the results obtained here possibly could not generalize to different age groups, particularly among the elderly. Also, the COMT genetic factor can interact with the polymorphism to alter its influence on paired associative stimulation-induced cortical plasticity (Witte et al. 2012) . Finally, it remains to be seen whether the Val66Met polymorphism also impacts nonspecific learning and transfer (Perez et al. 2007a) , as this was not assessed in the present study. Additional research is required to better comprehend the role of these different factors in the association between the Val66Met polymorphism and intermanual skill transfer.
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